Summary. In 6 isolated adult male lesser mouse lemurs, concentrations of testosterone in plasma were determinated at 6-h intervals over a 24-h period. Blood 
Introduction
Changes in daylength are known to be an important entraining factor of reproductive functions in many vertebrate species. In primates, seasonal variations of male reproductive hormones have been described (Mendoza, Lowe, Resko & Levine, 1978; Michael & Zumpe, 1978; Beck & Wuttke, 1978 ; Aotus: Dixson & Gardner, 1981;  prosimians: Van Horn, Beamer & Dixson, 1976; man: Reinberg & Lagoguey, 1978) . For simian species, it is generally assumed that testosterone concentrations increase in the evening or at night and decrease during the light phase. In contrast to simians, most species of which are active during the day, many prosimians are active at night. Dixson & Gardner (1981) reported that testosterone concentrations in owl monkeys were lower during the night than in the day, but no significant diurnal variations of testosterone were found in galagos (Van Horn et ai, 1976) .
The present paper investigates the diurnal variations in plasma testosterone concentrations of the lesser mouse lemur, a nocturnal prosimian.
Materials and Methods
Animals. Six adult male lesser mouse lemurs (Microcebus murinus) were used. They were born in captivity at the Laboratory of Ecology (M.N.H.N., Brunoy, France) and were 3-4 years old. To avoid the influence of social factors (Perret, 1980; Schilling, Perret & Predine, 1984) (1984) . After extraction, radioimmuno¬ assay was performed on 2 samples corresponding to 1 -6 and 8 µ plasma. The antiserum was raised from 15-carboxymethyl-testosterone coupled to bovine serum albumin (purchased from Pasteur Institut, France) and was diluted 1:200 000. The percentages of cross-reactivity were : testosterone 100%, dihydrotestosterone 36%, dihydroandrosterone 3%, 4 androstenedione 1-5%, other steroids 1%. The intra-and interassay coefficients of variation were 14%; the sensitivity was 10 pg and the minimum detectable concentration in plasma was 0-6 ng/ml. Testosterone fig. 3 ), the curve appeared to be a sine function with a peak located in May/June, when the daylength was longest, and a minimum 6 months later (P < 0-001). Testosterone concentrations varied from 5-5 ± 1-6 ng/ml during the rest period to 65-9 ± 12-6 ng/ml near the summer solstice. fig. 3 . Circannual changes in plasma testosterone concentrations. The 24-h-adjusted means are expressed as percentage of the individual annual mean (+ s.d.) . The broken line represents the annual mean equal to 31-7 ± 3-4 ng/ml (N = 6 animals).
Diurnal changes
The highest daily testosterone concentration, always significantly different from the lowest daily concentration (P < 001), occurred in the morning during January and August, and in the afternoon during the other months of the breeding season (Text- fig. 4a ). Because samples were collected only 4 times a day, it was not possible to define accurately the time of the daily peak. Nevertheless, from the graphic representation of the percentage variations of daily individual means, the period when the percentage was equal to or higher than 120% was estimated. From February to July, such values occurred, on average, 6 h after the sunrise and lasted 6-5 ± 1 h (Text- fig. 4b ), and the mid-period occurred 8-5 ± 1 h after the sunrise. In January and August (beginning or end of seasonal sexual activity) the 120% calculated values also lasted 6-5 h but started about 1 -5 h before sunrise and the mid-period occurred in the morning (Text-fig. 4b ).
The amplitude of daily changes was defined as equal to half the variation between maximum and minimum testosterone concentrations within a day ; it remained nearly constant throughout the period of sexual activity (27-5 ± 11 ng/ml, fig. 5b ) progressively increased from January to May (increasing secretion, constant peripheral metabolism), remained constant until the time when the daylength was longest (increasing secretion, increasing peripheral metabolism), and then, although the daylength was still long, abruptly decreased in July/August (constant or decreasing secretion, increasing peripheral metabolism).
Discussion
Except during the sexual rest period (autumn), plasma testosterone levels in the lesser mouse lemur undergo significant daily changes. In this nocturnal species, the mean testosterone concentration in the night was significantly lower than the mean for samples taken in the daytime, from January to September. These daily changes were the reverse of those observed in diurnal species for which nocturnal increases in plasma testosterone levels have been reported (Goodman et ai, 1974 ; Rose et ai, 1978; Enomoto, 1980; Bielert et ai, 1978; Bernstein et ai, 1983) but were similar to those described for the owl monkey (Dixson & Gardner, 1981) which is a nocturnal simian. Nevertheless, whether the primate studied is a diurnal or nocturnal species, it appears that testosterone concentrations are always reduced during the period of activity and that the daily peak is recorded during sleep. In the lesser mouse lemur, during the breeding season, testosterone concentrations reached a minimum in the first part of the night, as they do in the owl monkey (Dixson & Gardner, 1981) . Lesser mouse lemurs are most active in the first part of the night as shown by records of locomotor and feeding activities and basal oxygen consumption (Chevillard, 1976; Pages & Petter-Rousseaux, 1980) and from field observations (Martin, 1973) .
Capture, handling and repeated venepuncture may be an important cause of the observed variability in the testosterone concentrations because stress leads to a fall in testosterone values (Rose et ai, 1972; Coe et ai, 1978; Goncharov et ai, 1979; Bernstein et ai, 1983) . However, in our experiments, the first venepuncture took place in the morning and the highest testosterone concentrations were more often recorded in the afternoon, i.e. 6 h later. Furthermore, no significant changes in diurnal testosterone variations were demonstrated in macaques that were bled either every 3 h for 24 h (Goodman et ai, 1974) or 5 times within 90 min (Rose et ai, 1978) . It has also been shown that the secretions from the adrenal cortex do not contribute to the diurnal fluctuations of testosterone (Michael, Setchell & Plant, 1974; Goodman et ai, 1974; Eaton & Resko, 1974) .
The relationship between diurnal and seasonal variations in plasma testosterone concentrations has been investigated for macaques (Rose et ai, 1978 ; Enomoto, 1980) using data collected during the breeding season or during the non-mating season. The results indicated that the circadian variations were maintained in both sexual conditions and were only displaced upwards during the mating season. In the wild, as in captivity, lesser mouse lemurs breed seasonally and variations of reproductive functions are photoperiod-dependent (Petter-Rousseaux, 1972 , 1975 or thyroxine (Petter-Rousseaux, 1984) . A similar seasonal displacement of the testosterone daily peak has been described for men : the circadian acrophase occurs in the early morning in May (period of relative decrease in sexual activity and testosterone levels) and in the early afternoon when sexual activity and testosterone concentrations are highest (Reinberg & Lagoguey, 1978) . Therefore, to follow long-term environmental or social influences on testosterone levels in mouse lemurs during the breeding season, it would be necessary to select a fixed time after sunrise (8 h) for the collection of blood samples each day, instead of the same hour of the day.
From the daily increase of testosterone concentrations, it seems possible that the peripheral metabolism of testosterone might be greater from May to September. These results agree with those found in seasonally breeding animals such as the fox (Maurel & Boissin, 1982) , the hedgehog (Saboureau, Laurent & Boissin, 1982) or the ram (Darbeida & Brudieux, 1980) . Changes in testosterone metabolism have been related to seasonal variations of testosterone-binding protein (SBP) : an inverse correlation was found between the SBP-binding capacity and the testosterone metabolic clearance rate (Maurel, 1980; Saboureau et ai, 1982 
